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:l1h1 wkh| judgxdwhg iurp Kljk Vfkrro1
;Lq idfw/ wkh| fkrvh dv slorw
pk3+{, @
Sq
m@4 ck3+{ [m,Oj+{ [m,\mSq
l@4 ck3+{ [l,Oj+{ [l,
zkhuh ck3+, @ k43 c+k43 , dqg c+, lv d rqh0glphqvlrqdo Jdxvvldq nhuqho/ zkloh Oj+, @ j+g4,O+j4, dqg O+,
lv d g 40glphqvlrqdo Jdxvvldq nhuqho> k3 @ 3=8 dqg j @ 4=3 duh vfdodu edqgzlgwkv1
b
_iUhi@ti | f ' @}i @?_ fe ' TihtL?@* t@|tu@U|L?c @?_ ?Uhi@ti | f2 ' ?UL4i @?_







i6k Ef n 2 t?E2U
,&
c E2H
ihi U _i?L|it |i ?|ih@U|L? *L}if2Ef n Dj*ifEfe n fDj E@u|ih *LU@|L? @?_ tU@*i
?Lh4@*3@|L?
Ai L?|i @h*L _t|hM|L?t Lu |i |it|t ?_ih |i ?** @?_ @*|ih?@|i ihi LM|@?i_
uhL4 2ff hiT*U@|L?t Lu E2. @?_ E2Hc hitTiU|i*) Ai UL4T|@|L?@* hi^hi4i?|t Lu |i
hit|hU|i_ it|4@|Lh i6f E Thii?|i_ t uhL4 t?} ? |i t4*@|L?t |i t@4i t@4T*i Lu
? ' D LMtih@|L?t ti_ ? |i i4ThU@* **t|h@|L? W?t|i@_c ? i@U |ih@|L? i _hi
h@?_L4 t@4T*it Lu t3i ? ' Df @?_ ff uhL4 |i RTLT*@|L? Lu D @*it Lu f @?_ |t
ULhhitTL?_?} i6f Efc @?_ |i? ti_ |iti |L }i?ih@|i |i M?@h) @h@M*i t @t ? E2. @?_
E2H AL t@|tu) |i @tt4T|L?t Lu |i |it|c i ti_ @ B@tt@? E4 |hi !ih?i* Lu Lh_ih
^ ' ec @?_ M@?__|t  ' @?3E30*2_ E0 ' ff uLh f6 Ec @?_ f ' @?3*D uLh i6f Ec |
@'Sc 2fc @?_ 2e At h@?}i Lu |i UL?t|@?| @ ?U*_it |i ?|ih@* ihi |i UhLtt@*_@|i_
it|4@|it ui** ? @ tiT@h@|i t|_) Ai i}|?} u?U|L? Z E @t ULti? |L Mi 3ihL uLh |i
DI Lu |i LMtih@|L?t | |i t4@**it| _i?t|) it|4@|i eR Ef @*itc @?_ L?i L|ihti
::: aa|NAB, CBO,jt BAa 8}ijt Qjij :::
6}hit  @?_ 2 tL |i ML T*L| uLh |i i4ThU@* _t|hM|L? Lu |i t|@|t|Ut e/c uLh
 ' fc c 2c  Ee/f | ' ' c @?_ |ih ?Lh4@*3i_ UL?|ihT@h|t eA?c  ' fc c 2c b W? i@U
}hic |i |hii ML T*L|t L? |i *iu| ULhhitTL?_ |L |i _t|hM|L?t ?_ih |i ?** uLh |i
|hii M@?__| UL?t|@?|t @ ' Sc 2fc @?_ 2ec hitTiU|i*) Ai |hii ML T*L|t L? |i h}|
Lu i@U }hi ULhhitTL?_ |L |i _t|hM|L?t ?_ih |i @*|ih?@|i uLh |i t@4i @*it Lu @
<Wkh whvwv e$3 dqg eWq3 zlwk T @ J duh ghqrwhg e$3J dqg eWq3J/ uhvshfwlyho|1 Wkh uhvxowv iru wkh Olnholkrrg
Udwlr~w|sh whvw e$6e duh edvlfdoo| wkh vdph dv iru e$6 dqg duh rplwwhg1
2f
W| t i@t) |L tii |@| |i _t|hM|L? Lu i@U |it| @t @ _gihi?| ti?t||) |L |i M@?__|
ULUi Ai }hit @*tL **t|h@|i |i *LU@|L? tu| Lu |i _t|hM|L?t ?_ih |i @*|ih?@|i
A@M*i 2 Thiti?|t |i TihUi?|@}i Lu hiiU|L?t M) e/ @?_ eA? Lu |i @*|ih?@|i )TL|itit M@ti_
L? |i DIc fI @?_ 2fI i4ThU@* Uh|U@* @*it E,V Ai O@t4@?|)Ti |it|tc e/f @?_
e/fCc @?_ |i w|)Ti |it| e/2 E@t i** @t |ih ?Lh4@*3i_ ihtL?t @i TLih @}@?t| |i
@*|ih?@|i ii? uLh ? ' Df Ai TLih Lu |iti |it|t ?Uhi@tit | |i M@?__| t3i Ai
}it| TLih @4L?} ?L??Lh4@*3i_ |it|t t @Uii_ M) e/2c @?_ M) eA?f @4L?} ?Lh4@*3i_
|it|t W? UL?|h@t|c |i w|)Ti |it| e/ @?_ |i ihhLh t4 Lu t^@hit |)Ti |it| e/ E@t i** @t
|ih ?Lh4@*3i_ ihtL?t @i ih) *||*i TLih @}@?t| |t @*|ih?@|i @| |iti t@4T*i t3it
Aih TLih _iUhi@tit | |i M@?__| t3i
A@M*i  Thiti?|t |i TihUi?|@}i Lu hiiU|L?t M) |i ?Lh4@*3i_ |it|t eA? Lu |i ?** @?_
@*|ih?@|i )TL|itit M@ti_ L? |i DIc fI @?_ 2fI @t)4T|L|U Uh|U@* @*it EV Ai
t3i Lu eA?c  ' fc c 2c c M@ti_ L? |i V t ^|i TLLh uLh @** |it|t @?_ M@?__|t @| |t
t4@** t@4T*i t3it | |i i UiT|L? Lu eA?f U @hi hi@tL?@M*i uLh ? ' ff Ai Mit| TLih
ULhhitTL?_t |L |i |L O@t4@?|)Ti |it|t eA?f @?_ eA?fC uLh ? ' ff
Bi? |i TLLh @TThL 4@|L? Lu |i @t)4T|L|U Efc  _t|hM|L? |L |i _t|hM|L? Lu
4Lt| Lu |i ?Lh4@*3i_ |it|tc i ?it|}@|i_ |i MLL|t|h@T @TThL 4@|L? uLh M?@h) _iTi?_i?|




f ' f @?_ *i| t
W
 Mi @





c uLh  ' c    c ? Ai MLL|t|h@T t@4T*i iEt W c fj?'
@t |i? ti_ |L U@*U*@|i |i MLL|t|h@T t|@|t|Ut e/W @?_ eA W?c  ' fc c 2c  W? i@U L?|i @h*L
|ih@|L?c  ' ff MLL|t|h@T t@4T*it ihi ti_ |L UL4T|i |i MLL|t|h@T T@*it A@M*i 
Thiti?|t |i TihUi?|@}i Lu hiiU|L?t Lu |i ?** @?_ @*|ih?@|i )TL|itt uLh ? ' Df @| DIc fI
@?_ 2fI t}?U@?Ui *ii*t t MiuLhic e/fc e/fCc @?_ e/2 E@t i** @t |ih ?Lh4@*3i_ ihtL?t
i M| t4*@h Mi@LhG |i TihUi?|@}i Lu hiiU|L?t @TTi@ht |L ?Uhi@ti | |i M@?__|
t3i ML| ?_ih |i ?** @?_ |i @*|ih?@|i 6Lh e/ @?_ e/ E@t i** @t |ih ?Lh4@*3i_ ihtL?t
|i LTTLt|i t |hi Ai Mit| t3i t @Uii_ @| |i M@?__| UL?t|@?| @ ' 2f uLh e/c @?_eA?c  ' c 2c c @?_ @| @ ' 2e uLh |i O@t4@?|)Ti |it|t 6Lh |iti RLT|4@* M@?__|tc
2
|i }it| TLih M@ti_ L? |i MLL|t|h@T Uh|U@* @*it t @||@?i_ M) |i O@t4@?|)Ti |it|t
W? }i?ih@*c |L}c TLih t 4U *Lih |@? i? t?} ,V
S L?U*tL?
ih@Tt |i |L 4Lt| 4TLh|@?| ttit uLh |i 4T*i4i?|@|L? Lu Lh |it| @hi |i ti*iU|L? Lu
M@?__|t Ei @i @| *i@t| |hii |L ULLtiG c fc @?_ 
W
f @?_ |i ^@*|) Lu |i @t)4T|L|U
ELh MLL|t|h@T @TThL 4@|L?t Mi?} ti_ `| hi}@h_ |L |i *@||ih ttic |ihi t U*i@h*) @
_gihi?Ui Mi|ii? |i hit*|t Thi_U|i_ M) |i @t)4T|L|Ut @?_ |Lti i @i i Tihi?Ui_ ?
Lh t4*@|L?t iih|i*ittc tL4i Lu |i |it|t TihuLh4i_ ^|i hi@tL?@M*) | t@4T*it @t
t4@** @t ? ' ff( ? Th@U|Uic i L*_ @i 4U *@h}ih t@4T*i t3it @?_ i i TiU| Lh |it|t
|L TihuLh4 tL4i@| Mi||ih *|L} | t _i*) Mi*ii_ |@| |i Uhti Lu _4i?tL?@*|)
Lhti?t TihuLh4@?Ui ? it|4@|L?c ? Lh |it|?} ThLM*i4 i |?! |t t ?L| ?iUitt@h*) tL
MiU@ti |i *@h}ih |i _4i?tL?@*|) |i }hi@|ih |i _gihi?Ui ? |i ?** UL?ih}i?Ui h@|it
Lu |i hit|hU|i_ @?_ ?hit|hU|i_ it|4@|it hL_i_ M@?__| t ULti? @TThLTh@|i*)c |
tL*_ Mi TLttM*i |L 4@?|@? |i t@4i |h@_iLg Mi|ii? t3i _t|Lh|L? @?_ *LU@* TLih
hi}@h_*itt Lu _4i?tL?tc tii 6@? @?_ w?|L? Ebb. uLh uh|ih _tUttL? Ai M@?__|
tti t ?L|LhLt*) _U*| |L hitL*i ii? ? 4U t4T*ih t|@|L?t iih|i*ittc t4T*i
h*it uLh  @?_ f E_ihi_ uhL4 UhLtt@*_@|L? Lh |i LU*@h 4i|L_ tL*_ Lh! |L*ih@M*)
i**c *i |@!?} Wf t| @ *||*i *@h}ih |@? f tii4t |L Lh! ?i
. TTi?_ 
wi| .f _i?L|i i TiU|@|L? UL?_|L?@* L? f @?_ *i| .f _i?L|i i TiU|@|L? UL?_|L?@* L?
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iNNu Nu CjNij6 4 ì ThLi |i hit*| uLh e/Wf d| C ' Uo @?_ L4| |i @h}4i?|t
uLh |i L|ih |it|t t?Ui |i) @hi @*4Lt| _i?|U@* Ai ThLLu uL**Lt _i?|U@* t|iTt |L |Lti Lu
AiLhi4  wi|




f6WEfi6WfEf ' f6WEfi6WfEf n i6WfEfi6WfEf
Nt?} t4*@h @h}4i?|t |L |Lti ti_ |L _ihi E2c @?_ ?L|?} |@| eRWE% ' eRE% Et?Ui
fW ' f uLh @**  ' c    c ?c i LM|@?
e/Wf * ?3 ?[
'
iL W Ef n L W2 Ef LWe Ef L WD Efj2 ZEfc Ee
ihi
























E t |i E?hit|hU|i_ M@t u?U|L? KE | i6W
f
hiT*@U?} 6 @?_ Kfh6W
f
t |i
hit|hU|i_ M@t u?U|L? KfE @}@? | i6W
f
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ì |@?! aLi* OLhL|3c 5|iu@? 5Tih*Uc @?_ #@} At|i4 uLh i*Tu* _tUttL?tc @?_
|i @|L?@* 5Ui?Ui 6L?_@|L? uLh ?@?U@* tTTLh|  6Lh|h@? ThL}h@4 t @@*@M*i EuhL4
|i ht| @|Lh U U@hhit L| |i ThLUi_hit _itUhMi_ ? |t T@Tih
+iuihi?Uit
@|7BB,Be ve c W"j,e BAa C 7|N"ji EbbeG BLL_?ittLu| uLh hi
}hittL? t?} !ih?i* 4i|L_tc WA Lh!?} T@Tih r.e.
55B,Ae e b N6BAe BAa b QBia,j EbHbG R? |i ti Lu ?L?T@h@4i|hU
hi}hittL? uLh 4L_i* UiU!?}c L4i|h!@ .Sc 
jijAte Qce BAa b ,NOji}ji EbbSG Rt)4T|L|U |iLh) Lu ?|i}h@|i_ UL?
_|L?@* 4L4i?| |it|tc 5L|ih? i|L_t| N?iht|) Lh!?} T@Tih 6Lh|UL4?} ?
,UL?L4i|hU@
43Qrwh wkdw ehfdxvh wkh eldv whupv sod| qr sduw lq wkh dv|pswrwlf surshuwlhv ri e$3 zh gr qrw qhhg X5 +[m, wr
frqvlvwhqwo| hvwlpdwh wkh eldv ri epk+[m,> l1h1 X5+[m,> qru X8 +[m, wr frqvlvwhqwo| hvwlpdwh wkh eldv ri hpk3+[m,>
zklfk lv zk| zh kdyh qrw kdg wr xvh dgglwlrqdo vprrwkqhvv surshuwlhv1

Be e C QBt|j BAa - COtiBA EbHb w?i@h t4LL|iht @?_ @__|i
4L_i*t E| _tUttL? ??@*t Lu 5|@|t|Ut .c eDDDD
$jB|NAe  BAa c j,,OBji EbHfG ,UL?L4Ut @?_ L?t4ih i@Lh @4
Mh_}i N?iht|) hittG @4Mh_}i
.OBA"e -we BAa  7Vj}j,6BA Ebbf RAit|?} |i BLL_?ittLu6| Lu w?i@h
L_i*t @ L?T@h@4i|hU +i}hittL? AiU?^itc aLh?@* Lu |i 4ihU@? 5|@|t|U@*
ttLU@|L?c HDc H.b2
8BAe ve BAa # w EbbSG L?tt|i?| 4L_i* tTiUU@|L? |it|tG 4||i_ @h@M*it
@?_ ti4T@h@4i|hU u?U|L?@* uLh4tc ,UL?L4i|hU@ Sec HSDHbf
8BAe ve BAa  wA|NA Ebb.G 5L4i }ih Lh_ih |iLh) uLh @ UL?tt|i?| 4L_i*
tTiUU@|L? |it|c L*it 6L?_@|L? #tUttL? @Tih ?L eH
DNijiN!e e BAa e CjAijiN EbbeG  UL4T@htL? Lu !ih?i* M@ti_ }LL_?itt
Lu | |it|tc +,5A Lh!?} T@Tih
DN5B,Ne w Ebb R L?tt|i?| L_i* 5TiUU@|L? Ait| uLh L?T@h@4i|hU ,t|
4@|L? Lu +i}hittL? 6?U|L? L_i*tc ,UL?L4i|hU AiLh)c bc eDe..
DN5B,Ne w EbbD RL?T@h@4i|hU 5TiUU@|L? Ait|?} |
s
?wLU@* Lih @?_
LL|t|h@T h|U@* V@*itc hL? N?iht|) L̀h!?} @Tih bD2
QB,,e  EbHeG i?|h@* *4| |iLhi4 uLh ?|i}h@|i_ t^@hi ihhLh Lu 4*|@h@|i ?L?
T@h@4i|hU _i?t|) it|4@|Lhtc aLh?@* Lu *|@h@|i ?@*)tt ec S
QBia,je b BAa . B66jA Ebb RL4T@h?} L?T@h@4i|hU ihtt @h@4i|hU
+i}hittL? 6|tc ??@*t Lu 5|@|t|Utc 2c b2Sbe.
QBia,je b BAa . BiiNA Ebb RLL|t|h@T 54*|@?iLt ,hhLh @ht uLh L?
T@h@4i|hU +i}hittL?c ??@*t Lu 5|@|t|Utc bc ..H.bS
e
QBia,je b BAa w vBA} EbbS RL?T@h@4i|hU |Lhi}hittL? | *|T*U@|i
VL*@|*|) @?_ __|i i@?c 6Lh|UL4?} ? aLh?@* Lu A4i 5ihit ?@*)tt
QBt|je C BAa - COtiBA Ebb Bi?ih@*3i_ __|i L_i*t @T4@? @?_
O@**c wL?_L?
QaB,}Ne c EbbeG  ?L?T@h@4i|hU |it| uLh ?it|i_ @?_ ?L??it|i_ 4L_i*tc
@?tUhT|c w5,
Qj,,"e X BAa $ Ct|j6 EbbDG L?T@h@4i|hU |it|t Lu *?i@h|) uLh |4i
tihit L4i|h!@ H2c DSH
QNA}e ve EbbG L?tt|i?| tTiUU@|L? |it|?} t?} LT|4@* ?L?T@h@4i|hU !ih?i*
it|4@|L? N?TM*ti_ @?tUhT|c Lh?i** N?iht|)
QNA}e ve BAa Q b|j EbbDG L?tt|i?| tTiUU@|L? |it|?} @ ?L?T@h@4i|hU
tihit hi}hittL?c ,UL?L4i|hU@ Sc Db
QNiN|5e cc EbbDG LL|t|h@T 4i|L_t ? iUL?L4i|hUtG AiLh) @?_ ?4ihU@*
TihuLh4@?Uic ? _@?Uit ? ,UL?L4Ut @?_ ,UL?L4i|hUtG .| `Lh*_ L?}hittc #
khiTt @?_ k` @̀**tc i_tc @4Mh_}iG @4Mh_}i N?iht|) hittc 6Lh|UL4?}
YW6iBe Qe EbbG 5i4T@h@4i|hU *i@t| t^@hit E5w5 @?_ i}|i_ 5w5 it|4@|L?
Lu t?}*i?_i 4L_i*tc aLh?@* Lu ,UL?L4i|hUt DHc .2f
cNAjte e  wA|NAe BAa c j,tjA EbbDG  t4T*i M@t hi_U|L?
4i|L_ uLh _i?t|) it|4@|L?c L4i|h!@ H2c 2.H
wBji}Aje  BAa # XNA}e EbbSG RL?T@h@4i|hU 5TiUU@|L? Ait|?}c N?TM
*ti_ @?tUhT|c W+c N?iht|) Lu AL*Lti
wjNA|juue b Ebe. RW?|hL_U|L? |L @ |iLh) Lu @? ?|ih?@* t|hU|hi Lu u?U|L?@*
hi*@|L?tTtc ,UL?L4i|hU@c Dc S.
D
wA|NAe e - jA}e  bBA}e BAa b QBia,j EbbS ? @?@*)tt Lu |h@?t
uLh4@|L?t uLh @__|i ?L?T@h@4i|hU hi}hittL?c 6Lh|UL4?} ? aLh?@* Lu |i 4ih
U@? 5|@|t|U@* ttLU@|L?
wA|NAe  BAa b QBia,j EbbS R,t|4@|?} @__|i hi}hittL? 4L_i*t |
!?L? *?!tc L4i|h!@c Hc D2bDef
wA|NAe  BAa c j,tjA EbbD R,t|4@|?} t|hU|hi_ ?L?T@h@4i|hU hi
}hittL? M) |i !ih?i* 4i|L_c L4i|h!@c H2c bf
wWje -$e BAa cb C"j+ EbSeG 54*|@?iLt UL?L?| 4i@thi4i?|G @ ?i
|)Ti Lu u?_@4i?|@* 4i@thi4i?| aLh?@* Lu @|i4@|U@* t)UL*L}) c 2.
Bti+e .e EbbSG *|@h@|i *LU@* TL*)?L4@* hi}hittL? uLh |4i tihitG ?uLh4
t|hL?} UL?tt|i?U) @?_ h@|itc aLh?@* Lu A4i 5ihit ?@*)tt .c D.Dbb
W,,B}e e BAa c j,aji EbHb Bi?ih@*3i_ w?i@h L_i*tc 2?_ i_|L?
@T4@? @?_ O@**
jj+e bl Ebbe kih?i* it|4@|L? Lu T@h|@* 4i@?tc ,UL?L4i|hU AiLh)c fc
22D
j,tjAe c EbbSG ,t|4@|?} *|T*U@|i O@3@h_ 6?U|L?tc @?tUhT|c 6
i?tL?
7jjiBAWjwNttAe .e BAa 7 7Vji,W EbbDG ,t|4@|L? Lu _ih@|it uLh @__
|i*) tiT@h@M*i 4L_i*tc 56 . #tUttL? @Tih ?L Sf
7|BAtB,te c D BAa C 7jjiA Ebb R#@}?Lt|Ut uLh ttitt?} +i}hittL?
L_i*tc aLh?@* Lu |i 4ihU@? 5|@|t|U@* ttLU@|L?c HSc SHeSb2
7|NAje c GdIF __|i hi}hittL? @?_ L|ih ?L?T@h@4i|hU 4L_i*tc ??@*t Lu
5|@|t|Utc c SHD.fD
S
7|NAje c GdIU Ai _4i?tL?@*|) hi_U|L? Th?UT*i uLh Bi?ih@*3i_ @__|i
4L_i*t ??@*t Lu 5|@|t|Utc ec Db2SfS
Ct|j6e $e BAa  jt|Ba Ebbe L?T@h@4i|hU _i?|U@|L? Lu ?L?*?i@h
|4i tihitG ThLiU|L?t aLh?@* Lu |i 4ihU@? 5|@|t|U@* ttLU@|L?c Hbc bHefb
be 8c EbHSG a@U!?uic LL|t|h@T @?_ L|ih hit@4T*?} 4i|L_t ? hi}hittL?
@?@*)ttc E| _tUttL? Ai ??@*t Lu 5|@|t|Ut ec 2S2bD
~jA}e ck EbbSG  UL?tt|i?| |it| Lu u?U|L?@* uLh4 @ ?L?T@h@4i|hU it|4@|L?
|iU?^itc aLh?@* Lu ,UL?L4i|hUtc .Dc 2S2Hb
.
